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TOAURALDEI’ECTIONOFAIRHANES

By HarveyH. lhibbsrdandDmnenicJ. Maglieri

SUMMARY

An investigationwasconductedto determinetheeffectofmodifica-
tionsmadeinthepropulsionsystemofa single-engineairplaneto sub-
stantiallyreduceitsexternalnoiseand,thereby,to evaluatethe
significanceoftheexternalnoiselevelofan airplanewithregardto
theproblemof itsdetectionby groundobservers.Conventionalnoise-
levelmeasurementsconsistingofbroad-andwrow-bandfrequencysm.al-
ysesweremadeforstatictestsontheground.Also,listeningdata
withtheaidofgroundobserverswereobtainedforcruiseflightsas
wellas fortake-offs,landings,andpower-offglides.

Modificationstothepropellerandexhaustsystemof theairplane
resultedin overallnoise-levelreductionsofapproximately15decibels
at cruisepowerand20 decibelsat take-offpower.Engineexhaustnoise
seemedtobe themaincomponentat cruisepower,whereasthepropeller
noisewasthemaincomponentat take-offpower.Themodifiedairplane
wasnotsoeasilyaudibleto groundobserversaswastheunmodifiedair-
plane.Fortheparticularenvironmentofthepresenttestsinwhichthe
backgroundnoiselevelwasabout40 decibels,theunmodifiedairplane
wasdetectedat distancesontheaverageabouttwiceas greatas those
forthemodifiedairplane.Thesedifferencesarelessthanwouldbe pre-
dictedonthebasisoftheassumptionthattherewereno lossesof energy
causedby theeffectsof theatmosphereandof theinterveningterrain.

Thetestresultsindicatethattheexternalnoise-levelcharacter-
isticsof theairplane,thepropagationphenomenapeculiarto theter-
rainoverwhichthenoisetravels,andthesmbientorbackgroundnoise
conditionsneartheobserversreallsigrd.ficantfactorsinauraldetec-
tionby groundobservers.

INTRODUCTION

Theobjectofthepresent
of theexternalnoiselevelof

studyisto
an airplane

evaluatethesignificance
withregardto theproblem
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of itsdetectionby groundobservers.A needwasstatedfora single-
engineairplanewhichwouldhavea verylowexternalnoiseleveland
whichwouldstillhavea usefulpayloadforspecialmissions.

.
These

requirementsledto themodificationofanairplanetoreduceitsnoise
substantially(ref.1). Althoughthisairplaneislargersndmorepower-

—

fulthanthoseforwhichtheworkofreferences2 and3 wasaccomplished,
theresultingmodifications,whichincludedincreasingthenumberofpro-
pellerblades,reducingthetipspeed,andaddinge~ust mufflers,were
similarinnature.

In ordertoevaluatethemodificationstothisairplane,testswere
madetomeasureexternalnoiselevels,as intheworkofreferences2
and3, andalsosomelisteningtestsby groundobserverswereperformed.

A briefdescriptionisgivenof”theairplane,themodifications
madeto it intheinterestofnoisereduction,andtheresultsofnoise
measurementsandlisteningtestsconductedwiththeunmodifiedandthe
modifiedairplanestoevaluatetheeffectivenessofthesemodifications.
Ofparticularinterestaretheresultsofthelisteningtestsmadeby
groundobserversto determinethedistancesatwhichauraldetection
waspossibleinthepresenceofa verylowbackgroundnoise.Although
thedatapresentedapplydirectlyto thesespecifictestconditions,an
attemptismadeto interprettheresultsina generalw todefinesome
ofthesignificantfactorsintheauraldetectionproblem.

SYMBOLS

B

b

D

f

h

k

L

Lo

numberofblades

propellerbladechord,ft

propellerdiameter,ft

fundamentalcylinderfiringfrequency(f=*)

propellerbladesectionmsximumthickness,ft

propagationlosscoefficient,db/1,000ft

noiselevel,db

distance,ft

overallnoiselevel,db
●

✎
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m

N

P

R

r

x

Y

P

$().75R

Y

*

orderofharmonic

enginespeed,rpm

powertopropeller,hp

propellertipradius,ft

radialdistancetobladeelement,ft

maximumdistanceofdetectionmeasuredfromcenterlineof
runway,ft

distanceofaircraftfromobserveralongcenterlineofrun-
way,ft

propellerbladeangle,deg

propellerbladeangleat the0.75radiusstation,deg

elevationangleofaircraftfromgroundobserver,deg

azimuthanglemeasuredin clockwise
frontofaircraft,deg

Subscript:

1 at a givenstation

APPARATUSANDMErEoDs

DescriptionofAircraft

Datawererecordedforbothan unmodified
whichwasmodifiedas showninfigure1. Some

directionwith0° at

aiqlaneandforone
ofthesignificantchar-

acteristicsofthetwoairplanes~e givenintableI. Theunmodified
airplaneisa single-enginehigh-wingmonoplanehavinga ~oss weight
of8,000pounds,a usefulloadof3,906pounds,anda cruisespeedof
106hots. Itispoweredby a nine-cylinderfour-cycleenginerated
at 600horsepower.Theairplaneisfittedtitha three-bladevariable-
pitchmetalpropeller11feetindiameter.Theblade-formcurvesfor
thispropelleraregiveninfigure2(a).Thepropellerisgearedto
rotateat two-thirdsoftheenginespeed.Therearefourejector-t~e
exhaustports.Threeoftheseeachcarrytheexhaustgasesfiwmtwo
cylinders,andthefourthexhauststheremainingthreecylinders.

*

“
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ThemodifiedairplaneIncorporatedchangesinthepropeller,the
gearbox,theengineexhaustsystem,andtheenginecoolingsystem.The
fixed-pitchpropellerincorporatedfive12-fmt-diameterwoodenblades,
androtatedat one-thirdoftheenginespeed.Theblade-formcurvesfor
thispropelleraregiveninfigure2(b).Theejectorexhaustsystemof
theunmodifiedairplanewaschangedtoincludea collectorringandtwin
exhaustmufflerssuchas showninfigure3 andinreference1. These
changesin thepropellerandintheexhaustsystemalsonecessitated
internalchangesinthestandardgearboxandtheincorporationof cooling
flapsintheenginecowling.Theresultantbackpressureontheengine
waslesswiththemufflersthanwiththestandardejectortubes.

Itwasnotedinreference1 thatthetotalweightpenaltyforthe
modifiedairplsmewasapproximately250pounds,75 poundsofwhichis
assignedto themufflers.Itwasestimatedinreference1 thatthe
totalweightpenaltycouldbe reducedtoabout12~poundsby csxeful
design.

Thefullymodifiedairplanecruisedat 96 knotsin comparisonwith
106knotsfortheunmodifiedairplane.A lossinspeedofabout4 lmots
isthoughttoresultfrommufflerdragandlossofejectorthrust.The
remainingspeedlossisbelievedtobe causedby thefactthatthefixed-
pitchpropellerwasnotsetattheoptimumpitchsettingforthecruise
condition.Thereneednotnecessarilybe anyappreciablecruisepenalty
associatedwiththeoperationofa multibladepropellersuchas this; #
in fact,theexperiencecitedinreference2 fora five-blade~opeller
configurationandan internallymountedmufflerindicatedthatan increase
in cruisespeedwasobtained. *

NoiseMeasurements

Noisemeasurementsweremadeduringboththestatictestsonthe
groundandtheflighttests.Duringstatictestsontheground,measure-
mentsweremadeat groundlevelat a distanceof50 feetforcruiseand
take-offpowerconditionsandat variousazimuthanglesonbothsidesof
theairplane.Broad-banddataweremeasuredwiththeaidofa sound
levelmeterandoctavebandanalyzer.SimultaneousFM sndAM magnetic
taperecordingsoftheoutputsoftwocondenser-typemicrophonesystems
werealsomadeforobtainingsubsequentnarrow-bandfrequenwanalyses.
TheFM systemcoveredtherangefrom5 cyclespersecondto1,500cycles
persecondandtheAM systemcoveredtherangeof100cyclespersecond
to 10,000cyclespersecond.Ofparticularinterestarethenarrow-band
analYses(5Wcles per secondbandwidth)oftheFMtaperecords,a
sampleofwhichis showninfigure4. Mostofthesignificantengine
andpropellernoisecomponentsoccurintherangebelowabout350cycles
persecond.Consequently,onlytheFM recordswereanalyzedas in
figure4.

.
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b theflighttestssanemagnetictaperecordingsweremadeofthe
airplaneflyingdirectlyovertheobservationpoint.Inaddition,sev-
eralbroad-bandspectraweremeasuredwiththesoundlevelmeterand
octavebandanalyzerastheairplanepassedby incruiseat altitudes
of300and1,000feetandalsointake-offandlanding.

Listening-TestMethods

Inthelisteningtestsa listeneranda recorderwerestationed
togetherat an observationpointontheground.Thelistenerswerenot
permittedto seetheairplane,butwerealertat alltimesto thefact
thatanairplanewasinthevicinityandthusmadea deliberateeffort
to listenforit. Duringthetimethattheairplaneflewa predeter-
minedflightpath,thelistenerwouldindicatetotherecorderwhether
ornothe couldheartheairplane.Therecordermadeappropriatenotes
andrecordedtimesmeasuredwitha stopwatchinorderthatthedata
couldbe interpretedsubsequentlyintermsofairplanedistanceand
orientationfromtheobserver.At leasttwoobserverteamswereused
inalllisteningtests,andin someof theteststhreeteamswereused.

Theaudiogramsforallsixobservers(designatedhereafterby two
initials)aregiveninfigure5. Hearinglossesindecibelsareshown
forvsrioustestfrequencies.AlltheobserversexceptAS werejudged
tohavenormalhearing.Theconsistenthearingdeficienciesat thelower
frequencies,as indicatedinfigure5, arenotbelievedtobe significant
andarethoughttoresultfromadversebackgroundnoiseconditions
existingduringtheaudiometrictests.

TestConditions

Weather.-Thestaticgroundtestswereconductedwiththeairplane
headedintothewind,thewindvelocityaveraging7 to 10 knotsforthese
tests.Windvelocitiesduringallothertestsvariedbetween3 and
9 knots.Ambienttemperaturesintherangeof &l”to 90°F existed
duringthegroundandflighttests.Relativehumiditywasapproximately
55percent.

Ambientnoise.-Twodifferentbackgroundnoiseconditionsexisted
as notedinfigures6 and7. ForthetestsconductedatLangleyField,Vs.,
theaveragebackgroundnoisespectrumgiveninfigure6 applied.Forpur-
posesof compmison,somenoisespectrameasuredina quietresidential
areaofthecityofChicago(ref.4) areincluded.It canbe seenthat
theLangleyFieldbackgroundnoise,whichisexclusiveofairtraffic
noise,isgenerallyhigherthantheresidentialareanoiseatnight,but
is comparableto theresidentialareanoiseinthedaytimewiththeexcep-
tionofthelowestoctavebands.ThesehigherlevelsatLangleyField
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inthelowfrequenciesarebelievedtobe causedby theoperationof
largerotatingmachineswhichnormallyarenotpresentinresidential
areas.

Forthetestsconductedat theWestPoint(Vs.)MunicipalAirport
thebackgroundnoisewasrelativelylow. Theaveragebackgroundnoise
spectrumintheareaisgiveninfigure7 alongwithavailablemeasure-
mentsinotherenvironmentswherethenoisearisesfrcmnaturalphe-
nomena. Themeasureddatafallwellwithinthehatchedsreawhich
representsdatafromreference~ andshowsthenormalrangeofnoise
levelsinnaturedetectableby man. Thesenoisesaremostlycausedby
windandairturbulence,especiallyas theairflowsthroughtreesand
othervegetation.Noisesdueto lightsurf,suchasareillustratedby
thetopcurve,msybe ofhigherlevelbutaresimilsrin spectrumshape.

Terrainfeatures.-ThelocationoftheWestPointMunicipalairport
relativetoprominentterrainfeaturesinthearea,theelevationsof
surroundingland,andthetypeofvegetationpresentareindicatedin
figures8 and9. Figure8 isa compositephotographoffouradjoining
coastandgeodeticsurveymapsoftheareao~erwhichtheflightswere
made. Theregionisgenerallyflat,theextremevariationsinelevation
beingabout100feet.

Theairportareainwhichtheobserverswerelocatedisabouttwo
milesfromthecenteroftownandis surroundedby woodedandmarshy
areaswhicharesparselypopulated.Abetterappreciationofthetypes
ofvegetationandfoliageintheareaneartheobserverstationscanbe
gatheredfromfigure9, anobliqueaerialphotographtakenfromanalti-
tudeof10,000feet. Inthisfigureareindicatedrunways1,2,and3
usedduringthetestsandalsotheobserverstationsdesignatedA, B,
andC. Theterrainvariesfromheavilywoodedto openas azimuthangle
fromanobserverstationchanges,andthisvsriationisa significant
factorinthelisteningtests.

REW’LTSANDDISCUSSION

MeasurementsofAirplaneExternalNoise

Theresultsof staticgroundtestsarepresentedintablesIItoV.
Omissionsinthesetablesindicatethateithernomeasurementsweremade
orreliabledatawerenotobtained.

Staticgroundtests.-Theoveralllevelsendoctave-bandfrequency
analysesofthenoiseforthetake-off-powercondition(f30.7x= 25.5°)

*

arepresentedintableIIfora distanceof~ feetandareillustrated
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by thecurvesoffigures10and11. Figure10 showsa comparisonof
thepolardistributionsoftheoverallnoisefromthetwoairplanes.
Theoveralllevelsfortheunmodifiedairplanevaryfrom115to 121deci-
bels,thehigherlevelsoccurringbehindthepropellerplaneofrotation.
Theoverallnoiselevelsofthemodifiedairplaneveryfrom93 to
97decibels,sndtheradiationpatternissomwhatmorenearlysymmetri-
cal. Theoverallnoisereductionat take-offpowerisseentobe ofthe
orderof20 decibels.Themaximumreductionsas seeninfigure11 for
fieldpointsintheplaneofthepropelleroccurintheoctavebands
belowabout1,2(X)cyclespersecondintherangewherethesignificant
propellerandenginefrequenciesarebown to occur.

(Forthecruise-powerconditionPO~z = 31°) datawererecorded.
fortwoadditionalmodificationsofthea-&plane~(Seefigs.12and13.)
Thenoisewasmeasuredfromtheairplanewiththethree-bladepropeller
andgearboxbutwiththemufflerssndcollectorringinstalled.Then
themufflersweredisconnected,andthemeasurementsweremadewiththe
collectorringandtwostubexhaustports.Duringthisparticularseries
oftests,itwasnotedthatinternaldsmagehadbeensustainedinthe
firstbaffleofthemuffler.Despitethisdamage,themufflerseemed
tobe fairlyeffective,as indicatedby thedataof figures12and13
andtableIII.

Theoverallnoiselevelsatvariousazimuthanglesfortheairplane
withoutmodificationsandwithallthreemodificationsaregivenin
figure12. Thecorrespondingspectraat fieldpointsintheplaneof
thepropellersireshowninfigure13. ~ _ing theexhaustsystem
to a collectorringandtwinexhaustports,therewasa smalloversll
noisereduction.Thisreductionoccurredmainlyatthelowerfrequencies,
probablybecauseof cancellationof someofthelow-orderengine-exhaust
harmonics.Theadditionofmufflersproducedsubstantialoverallnoise
reductionsat allazimuthangles.Thesereductionsoccurredinall
octavebandsexceptthelowest,inwhichthepropellernoisecomponents
weremostsignificant.Theadditionofthefive-bladepropeller(modi-
fiedairplane)resultedina furtherdecreaseinthenoise,~ticularly
in orneartheplaneof thepropeller.Sincethesereductionsoccurred
inthefirsttwooctaves,it isindicatedthatthepropellerhadbeen
themaincontributorinthatfrequencyrange.

TablesIVandV showthatbeforemodificationtheenginenoisewas
themaincontributor.Aftermodification,inwhichtheengineandpro-
pellernoiseswerebothreduced,theengineexhaustnoiseapparently
dominatedat cruiseandthepropellerdominatedat take-off.ficluded
intablesIVandV areanalysesofthenoisemeasuredundertheengine
cowling. Thesedatawereobtainedonlyontheunmodifiedairplaneduring
bothtake-offandcruisepower.An analysisofthedatashowedthatno
frequencieswerenotedinadditionto thoseassociatedwiththeexhaust
oftheengine.
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Flighttests.-Theoverallnoiselevelsandoctave-bandfrequency
analysesofthenoiseforvariousflightconditionsofthemodifiedand
unmodifiedairpknesaregiveninfigures14 to 16. Figure14presents
theoveralllevelsasmeasuredata pointonthegroundatLangleyField
forbothairplanesduring“fly-over”ata 300-footaltitude.Theover-
alllevelsareplottedasa functionofhorizontaldistanceinfeetfrom
theobservationpoint.Thenoiseofthemodifiedairplaneexceededthe
backgroundnoiseof 67 decibelsfora totaldistanceofabout4,400feet.

Thespectraforthemodifiedairplanecorrespondingto thecondition
ofmaximumnoiseoffigure14aregiveninfigure15. Noiselevelsin
variousoctavebandsareshownforaltitudesof300and1,000feet.Also
showninthefigureisa cuxvefortheunmodifiedairplane.Thiscurve
hasbeenestimatedonthebasisof incompletemeasureddata.Thelevels
plottedarethemsximumrecordedas theairplanepassedoverhead.These
datawererecordedat theWestPointMunicipalA&port,forwhichthe
averagebackgroundnoiseisshownby thelowercurvereplottedfrom
figure7.

Datawerealsorecordedforboththemodifiedandtheunmodified
airplanesduringlow-levelglidesinanattempttomeasuretheairframe
noise.Thesefrequencyspectraareshowninfigure16 fortheunmodified
airplaneatairspeedsof~ and104knots,togetherwiththoseforthemodi-
fiedairplaneat 56knotsforcomparison.Datawereobtainedat 56 knots
forthemcxiifiedairplanewiththeenginebothonandoff,andtheresults r
wereessentiallythessme.Itwasnotpossibleduringanyofthesetests
to stopthepropellerfromturningand,hence,thedataincludenotonly
airframenoisebutalsopropellerandenginenoise=Duringcomparable

s

testslowernoiselevelswereobtainedwiththemodifiedairplane,even
thoughtheairspeedwasthesame.Onepossibleexplanationisthatthe
mufflerssubstantiallyreducedtheenginenoiseofthemodifiedairplane.
Thedataoffigure16fora speedof56 hots thusapplydirectlytoa
normallandingofthemodifiedairplaneandtoa power-offlandingof —

theumnodifiedairplane.Dataarealsoincludedfora two-placeliaison
airplaneina power-offglideduringwhichtheengineandpropellerwere
notrotating.Thisisanestimatedcurveforanairspeedof~ knots
basedonmeasurementsat otherairspeeds,andthedataarepresentedas
a matterof interestto indicatetheorderofmagnitudeoftheairframe
noiseofanairplanehavinga grossweightofabout1,~0 poundsand
about25percentofthesurfaceareaoftheunmodifiedairplane.It
seemsreasonableto suggestthattheairframenoiseoftheunmodified
andthemodifiedairplaneswouldbe lessthanthespectrumforthe
power-offglideofthemodifiedairplaneandabovethatfora two-place
liaisonairplane. —

Listening-TestData

Inadditiontomakingphysicalmeasurementsofthenoise,some .

attemptsweremadetoevaluatetheairplanemodificationsin termsof the
distanceatwhichauraldetectionwaspossibleby observersontheground. .
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Take-offs.-Mostlisteningdataduringtake-offswereobtainedwith
theaidof twoobserverteamslocatedat theWestPointMunicipalAirport
at variousdistancesalongrunway1 withtheairplaneoperatingfrom
runway2. (Seefig.9.) Groundrollstartedat theeastendofrunway2,
andinallcasestheairplanewasabout10 feetintheairat theinter-
sectionofrunways1 smd2. Forthemodifiedairplaneitwasfoundthat
up toa distanceof3,500feet,theobserverswereabletoheartheair-
planefromthegroundrolluntila considerablepartoftheclimhouthad
beenaccomplished.At a distanceof4,000feet,however,thegroundroll
wasnotdetectednorwasanyauraldetectionmadeuntiltheairplanehad
gainedanaltitudeofabout~ feetandwasthenabovethefoliage.Thus,
it canbe notedherethatthetransmissionlossesarelargerwhenthe
airplaneisnesrthegroundlevel.As a matterof interest,forthis
caseinwhichtheelevationangle 7 wasessentiallyzerotheinter-
veningterrainwasopen,whereasforthecaseinwhichtheelevation
-was 0.7° theinterveningterrainwasthinlywooded.

Somedatawerealsotakenfortake-offsonrunway3 withobservers
at stationC. As canbe notedin figure9, observerstationC islocated
ina smsllheavilywoodedsrea. Inthislocation,detectionwasnot
possiblefora distanceof2,300feetuntilan altitudeofabout
50to 100feetwasobtained.Thenoiseattenuationseemedtobe greater
thanforopenterrain,evenforscmewhatlargerelevationangles.

Landings.-Forthessmedeploymentof observersandsimilartest
conditions,datawerealsoobtainedforlandingsofthemodifiedair-
plane.Thedistanceto initialdetectionvariedsomewhatbut,ingeneral,
itdecreasedas theobserversweremovedalongrynway1 awayfromrunway2.
(Seefig.9.) lt is interestingtonotethatthemostdistinctivefeature
ofthelandingwasthetirescreech.Theobservers,afterinitially
detectingtheairplaneonitsapproach,sometimeslostcontactas it
flaredoutat lowlevel,butinmostcasestheynotedthetirescreech.
Fortestsconductedwithobserversinthewoodedregionat C a landing
at a distanceof2,300feetfromtheobserverwasbsrelydetectable.

titiseflight.-Thelisteningdataobtainedforthecruiseflight
conditionsaregivenintablesVI andVII. TableVIpertainsonlyto
themtifiedairplaneandgivestheobservationsofthefirstsetof
observas(VH,AS,andBM)forflightsat 300-and1,000-footaltitudes.
DatawereobtainedatbothobserverlocationsA andB forflightsper-
pendiculartorunway1. Thedistancesx and y oftableVIwhichare
definedinthesketchshownwiththetablearenotedtobe preceded~
eithera plusorminussign,dependingonthequadrantinwhichtheyare
measured,in conformitywithstandsxdcoordinatenotation.Thedataof
tableVIIarepresentedby meansofthesamenotation.Thesedatawere
obtainedwiththeaidofthesecondsetof observers(JM,WM,andGK)and
applytoboththemodifiedandtheunmxlifiedairplanes.Forpurposes
of illustration,the&ta oftableVIIhavebeenplottedin figures17
and18.
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Figure17(a)showstheresultsoflisteningtestsoftheunmodified
airplaneat analtitudeof300feetalongwithitsapproximateflight
pathduringthetests.Thedataforthethreeobserversareplottedat *

theappropriatex- andy-coordinates.Thesolidsymbolsinallcases
relatetopointsof initialdetection,whereastheopensymbolsarefor

, terminalpoints.Theamountof scattercanbe seendirectlyfrcmthe
figureandisnotedinextremecasestobe asmuchas100percentof
theaveragevalue.Theheavylineisdrawnthroughtheseaverageobserved
distancesas an aidininterpretingtheresults.Itfollowsby definition
thatiftheairplanewasata coordinatestationwithinthecurve,it
wouldbe detected,whereasthereverseistrueata coordinatestation
outsidethecurve.Eccmthefigureit canbe seenthattheaverage
detectiondistanceinthex-directionvariedfromnearzerotoabout
25,000feet,dependingon thedistancey oftheairplaneflightpath.
Inthey-directiondetectionwaspossibleup to 22,500feet,butit
shouldbe notedthatthetestswerenotextendedtoa sufficientdistance
to determinethemaximumvalueinthey-direction. —

Resultsof similartestsfortheunmodifiedairplaneat analtitude
of1,000feetaregiveninfigure17(b).Fortheseconditions,which
exceptforaltitudewerecomparableto thoseof figurely(a),thesame
observerswereabletodetecttheairplaneat generallygreaterdistances
inalldirections.Thus,it canbe concludedthatthealtitudeofflight
is significant,theloweraltitudebeingmoredesirableifdetectionby
groundobserversistobeminimized.Thisresultsuggeststhatthe &
terrainoverwhichthenoisepropagatesaffectsitspropagationandintro-
ducessomesignificantlosses.

.
Listeningdataobtainedby thessmeobserversforthemodifiedair-

planearegiveninfigure18. ~ comparingthedataof figure18at two
altitudes,it canbe seeningeneralthatthemodifiedairplanecanalso
be detectedat greaterdistancesatthehigheraltitude.

In comparingthedataoffigure18withthoseoffigure17, it can
be seenthatthedetectiondistancesassociatedwiththeunmodifiedair-
planeareapproximatelytwicethoseofthemodifiedairplaneforcom-
parableconditions.Thisresultwouldbe expected;however,thediffer-
encesarelessthanwouldbe predictedonthebasisoftheassumption
thattherewereno lossesofnoiseenergycausedby theeffectsofthe
atmosphereandinterveningterrain.

Severalothersignificantresultsofthetestsmaybe observedfrom
figures17 andI-8. It wasjudgedthatthemdifiedairplanecouldbe
detectedbetterwhenitwasupwindthanwhenitwasdownwind,although
surfacewindsofonlylowvelocitywereencountered.Ingeneral,the
terminaldetectiondistancewasgreaterthantheinitialdetectiondis-
tance,probablypartlybecauseofthefactthatthenoisecharacteristics
of theairplanediffersam.ewhatas a functionofazimuthangle.Itcan ~

.
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be seenthattheregionsof
abouttheobserverstation.

u

detectioninthefigurearenotsymmetrical
Thisdissymmetryisprobablycaused,in

part,by thecharacteristicsoftheatmosphereandthea-&@_anes”and
perhapsmoresignificantlyby theeffectsofvsriationintheterrainon
thenoisepropagation.Forinstance,propagationina generallynorth-
southdirectionfromtheobserverstationsA andB isessentiallyover
openterrain,as canbenotedinfigures8 and9. In otherdirections,
wherethelosseswereapparentlyhigher,theinterveningterrainwas
partlywooded.

In sumnaryofthelisteningtests,thereme strongindicationsthat
theterraininterveningbetweenthesourceandtheobserverexertsa signi-
ficantinfluenceonthenoisepropagation.Becauseoftheapparentimpor-
tanceofthesepheriomenawithregardto theproblemsofnoisepropagation
ingeneralandofauraldetectioninparticular,theyareanalyzedand
giveninmoredetailinthesucceedingsections.

NoisePropagationOverLongDistances

Theavailableinformationrelatingtopropagationoverlongdis-
tances=d inparticularfortransmissionpathscloseto thesurfaceof
theearthhasbeenusedas an aidin interpretingresultsofthepresent
tests.A briefdiscussionof theconceptsinvolvedareincludedherein.

Ifthenoiselevel Ll indecibelsisknownat a givendistance21,

thenthenoiselevel L at anyotherdistanceZ maybe expressedby the
followingrelationfromreference6:

(1)

wherethefirstterminvolvingdistanceistheexpressionfortheclassi-
calspreadingofa sphericalwave,andtheterminthebracketsaccounts
forlossesticurredbecauseofatmosphericandterraineffects.The
coefficientk is conventionallyexpressedintermsofdecibelsper
thousandfeetofdistance.Forshortdistancestheterminbracketsis
negligibleandthereductionis causedonlyby normalspreading.For
longdistancesit isknownthatatmosphericlossescanbe appreciable,
especiallyforthehighfrequencies,as shownby thecurveof figure19.

Noiseattenuationindecibelsperthousandfeetofdistanceis
plottedforthevsriousoctavebandsbasedonmeasureddataofreference7.
Theseresultsapplydirectlytoan airplanepassingoverhead,inwhich
casepropagationisnearlyverticalto a groundobserver.Thelosses
showninfigure19 areconsideredtobe causedby atmosphericeffects
suchas turbulence,refraction,conduction,humidity,absorption,and
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soforth(ref.8),andaremeasuredinadditiontonormalspreading.
It canbe seenfranthefigurethatratherlargeattenuationsarecaused
by theseatmosphericphenomenaat thehigheraudiblefrequencies,whereas “
theseeffectsarenegligibleat frequenciesbelow600cyclespersecond.

Theinformationjustcitedhasbeenus~dasan aidininterpreting
resultsofthepresenttestsas,forexample,infigure20. Thesedata
arespectraofthenoisefYomthemodifiedairplaneat theobserversta-
tionforvariousdistancesfromtheairplaneduringtake-off.Thedata
forthesolidcurvewasmeasuredduringthetestsata distanceof
220feet,whereasthedataforthedashedcurveswerecalculat~dby
usingtheatmosphericlosscoefficientsoffigure19. Itcanbe seen
thattheatmosphericlossesattenuatethehighfrequencypartofthe
spectrumat a rapidrateandatthesametimehavelittleorno effect
onthe“lowerfrequencybands.

—
—

Forthepurposesofthepresenttestsithasbeenassumedthat
detectionispossibleatleastto thedistancewheretheairplanenoise
spectrumbecomesequalto thebackgroundnoiseinthevicinityof the
observer.Fortheconditionsof figure20thisdetectiondistanceis
betweenthelimitsof16,000to 64,000feetjanditappearsthatthe
frequencybandof150to300cyclespersecondismostsignificantin
detection. .. .

Inordertopermitexaminationofthepropagationphenomenaforthis d
frequencybandinmoredetail,figure21hasbeenprepared.Noiselevels,
inthe150to300cyclespersecondhandwe shownas a functionofdist-
ance 2 infeet.Thesolidlineis calculatedlyuseofequation(1) &
andaccountsfornormalspreadingandforthecasewhereatmospheric
lossesarezeroforthisfrequencybandbutdoesnotaccountforlosses
inducedbytheterrain.By theselatterassumptionsthenoisefromthe
airplanebecomesequalto thebackgroundnoiseata distancez of
about37,000feet,anddetectionshouldbepossibletothatdistance.
Forthetestconditionwherethenoisepropagatedoverpartlywooded
terraintheactualobserveddetectiondistancewas4,000feetforan
elevationangle y of0.7°. If it isassumedthatthelossesareincurred
uniformlyoverthedistance,thenthedashedcurveas shownwouldapply,
andthedeviationfromthesolidcurveis thete”rrainlossatanyg<ven
distance.At lowerelevationanglesandforsimilarterrainconditions
theairplanewasnotdetectable.Itisapparentthatthelossesdueto
theterrainoverwhichthenoisepropagateshasan importanteffecton
thedistanceofdetectionforlowflyingairplanes.At elevationangles
higherthan0.7°,however,detectionwaspossibleatdistancesup to
about10,000feet.Thisresultisinqualitativeagreementwiththe
findingsofreference9,whereinitwasnotedthata noisesourceata
higherelevationcouldbe detectedat a greaterdistance.

—

.
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Sinceitwasnotedthattheselosseswerea functionofthetypeof
terrainoverwhichthenoisepropagatedaswellas theelevationangle,
an attemptwasmadeby themethodjustoutlinedtoestablishapproximate
valuesof k fora rangeofthesetwovariables.Theresultsaregiven
infigure22 forelevationanglesY raz@ngfromnear0°to about5°.
Onlya fewdatapointsareavailableforconditionswheretheterrain
interveningbetweenthesourceandthereceiverwaseitheropenor
heavilywooded.Thesedatapointswereusedto definethesmallhatched
andcross-hatchedareas.Thelargehatchedregionencompassesdata
pointsfromtestconditionsintermediatebetweenthesetwowherethe
terrainwasnotedtobe partlywoodedahdpartlyopen.As an estimate,
thepartlywoodedterrainhadabout10to 25percentofthedensityof
vegetationexistingontheheavilywoodedterrain.Alsoshownforcom-
parisonisa smallheavilyshadedregionwhichisestimatedfrommeasure-
mentsmadeinreference10forpropagationat lowelevationanglesover
grassyterrain.Thek-valuesoffigure22shouldbe usedonlyas an indi-
cationoftheorderofmagnitude.Theyare,however,consistentwith
themeasurementsofreferences6 and11 fora widerangeofterraincon-
ditions,includingsomewhicharesimilartothoseofthepresenttests.
As a matterof interest,at lowelevationanglesthepropagationlosses
couldvaryfrm.napproximatelyO to 10decibelsperthousandfeetfor
terrainwhichvariesfromopentoheavilywooded.

Itshouldbe notedthatthereappearedtobe no extremetemperature,
L wind,orturbulencevariationsduringanyofthesetests.Consequently,

thescatterobservedhereisprobab~lessthanthat
k observedundermoreextremeatmosphericconditions.

alsobe exercisedinextrapolationofthesedatafor
havingdifferenttypesofvegetation.

FactorsAffectingAuralDetection

whichwould-be ‘“
Cautionshould
otherconditions

Bymakinguseof thefindingsofthepresentstudiesit ispossible
to relatethefactorswhicharemostsignificantintheauraldetection
ofairplanesby groundobservers.Thenatureofthisproblemis illus-
tratedby figure23,inwhicharerelatedsuchparametersas airplane
externalnoiselevel,ambientorbacmound noiselevelat theobserver
station,andthephenomenainvolvedinnoisepropagationfromsourceto
observer.

Noiselevelsindecibelsareshownasa functionofdistsmce1
forbothanunmodifiedairplaneandonewhichwasmodifiedtoreduceits
externalnoiseby about18decibels.Thelevelsmeasuredat a distance
of1,~0 feetwereusedinevaluatingequation(1)forthedistancesz
of tile

planes
& levels

figure.Theseresultsforboththeunmodifiedandmodifiedair-
aregivenby thesolidcurvesfor k = O. Theairplanenoise
arethoseinthe150to3WIcyclespersecondhand,andforthis
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frequencyrangetheso-calledatmosphericlossesarenegligible,as indi-
catedinfigure19. Thus,thesolidcurvesapplydirectlytothecase
inwhichtheelevationangle 7 is sufficientlylargethattheterrain A

effectsarenegligible;forthepartlywoodedterrainconditions(fig.22)
thecorrespondingelevationangles7 areoftheorderofabout7° or
larger.If k= O, thenthenoiselevelsdecrease6 decibelswitheach
doublingofdistance,andan 18-decibeldifferenceintheexternalnoise
levelsofthetwoairplanescorrespondstoa factorofabout8 inthedls- .

tancesatwhichthesamenoiselevelwillbe observed.Itfollowsthen
that,ifdetectionIspossibleup tothedistancewheretheairplane
noiseisequaltothebackgroundnoiselevelof33decibels,thedetection
distancesareabout17,000feetand1~,000feet,respectively,forthe

—

modifiedandtheunmodifiedairplanes.Iftheaircraftwereflownat
loweraltitudesinordertominimizedetection,thenthepropagationloss
coefficientk wouldnolongerbe zero.

Forinstanceif itisassumedthat k = 0.5decibelperthousand
feet,eqution(1~wouldgivethedashedcurvesinbothcases.The
shadedregionbetweenthesolidanddashedlinesisan indicationof
thelossesincurredfromtheeffectsofterrain.Itcanbe seenthat
theselossesareequalforbothairplanesat eqml distances,butthe
resultanteffectsarelargerfortheunmodifiedairplanebecauseof the
greaterdistanceoverwhichthenoisetravels.As a result,thedetec-
tiondistancesare,inthiscase,about9,500feetand30,000feet,
respectively,forthemodifiedandunmodifiedairplanes.Theseresults
areconsistentwiththoseobservedinthepresenttestsandthuswould
applyforan environmentsuchas thatencounteredinthesetests.Thus,
itcanbe seenthatalthoughthedetectiondistanceisgreaterforthe
airplanehavingthehighestexternalnoiselevel,thisdifferenceis
notas greataswouldbepredictedonthebasisoftherebeingnopro-
pagationlosses. .

—So far,onlyoneexamplebackgroundnoiselevelhasbeenconsidered.
Ifthebackgroundnoiselevelwerechangedfrom33 decibelsasnoted
duringthetestsatWestPointMunicipalAirportto ‘j4decibelsasnoted
atLangleyField,thedetectiondistanceswouldbe about1,500feetand
8,500feet,respectively,forthemodifiedandtheunmodifiedairplanes.
Inthiscomparisonthedifferenceinbackgroundnoiselevelat the
observercanbe seentobe verysignificantin reducingthedetection
distance.Infact,a 21-decibelincreaseintheambientnoiselevelin
theobservationareaisequivalenttoa 21-decibeldecreaseintheexter-
nalnoiseleveloftheairplane.

.

Inthesummsxyoffigure23 it shouldbe notedthata reductionof
theexternalnoiseleveloftheairplaneoran increaseofthebackground
noiselevelat theobserverstationwillmakeauraldetectionmorediffi-
cult. Itshouldalsobe notedthatpropagationlossesaresignificant,
particularlyforlongdistancesandsmallelevationangles,andshould
notbe overlookedinananalysisofthistype.
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CONCLUSIONS

15

Noisemeasurementsandground-observerlisteningtestsforan
unmodifiedsingle-engineairplaneandforonewhichwasmodifiedto
reduceitsexternalnoiseindicatethefollowingconclusions:

1.Modificationsto thepropellerandexhaustsystemoftheair-
planeresultedinoverallnoise-levelreductionsofapproximately15deci-
belsat cruisepowerand20 decibelsattake-offpower.Engineexhaust
noiseseemedtobe themaincomponentat cruisepower,whereasthepro-
pellernoisewasthemaincomponentat take-offpower.

2.Themodifiedairplanewasnotsoeasilyaudibleto ground
observersaswastheunmodifiedairplane.Fortheparticularenviron-
mentofthepresenttests,inwhichthebaclqgoundnoiselevelwas
about40 decibels,theunmodifiedairplanewasdetectedat d@tances
ontheaverageabouttwiceas geat as thoseforthemodifiedairplane.
Thesedifferencesarelessthanwouldbe predictedon thebasisof the
assumptionthattherewereno lossesof energycausedby theeffects
of theatmosphereandinterveningterrain.

3. Lossesdueto theterrainoverwhichthenoisepropagatedwere
notedtohaveimportanteffectsonthedistanceofdetectionforlow-
fl.yingairplanes.At lowelevationangles,propagationlossesfrcm
nearO toabout10decibelsperthousandfeetwereestimatedforterrain
whichvariedfromopentoheavilywooded.

4. Threesignificantrelatedfactorsintheauraldetectionofair-
craftwerenotedtobe: theexternalnoiselevelof theafrcraft,the
propagationphenomenapeculiarto theterrainoverwhichthenoise
travelstotheobserver,andtheambientnoiselevelat thelocationof
theobserver.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August14,1958.
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TABLE II

EROAD-BANDNOISEMEASUREDON A S~LE-ENGINE AIWLANE AT A

DISTANCEOF ~ F’EZWFQR TAKE-OFF-POWERCONDJXIONS

Azimuth
Noiselevels,decibels

We, +,
aeg ~rti 20 to 75to 150to 3coto &m to 1,m to 2,400to 4,8!)0to

75 C&mUjoCpa300Cps 600 Cps1,20Q Cps2,4ooc’@ 4,E!CI0Cps10,000Cpl

Unmodifiedairplane

o 116 104 108 107 llo 108 104
210 120 112 114 1.1o m 112 u-o
240 121 113 115 115 117 113 107
270 120 116 llz! 115 115 114 108
300 116 102 I-1o 110 110 1-1o 98
330 115 98 Ia8 106 U2 104 98

Modifiedairplane

T
96

4 96
60 93
9 94
120 96
135 97
225
240 z
270 94
30Q 95
33Q 9i’

I
110 96
106 K%
104 97
106 104
98 96
% 92

P
a
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TABLE IJI

EWd3-EANDNOISEMEASWEOONA SIFWX&EFFG~AIRHANBATA

DISTANCEOF~ FEETFURCRUE3EPOWEHCONDITIONS

I Noiselevels,decibels
Azimml
uCLe, W,~=~ =~ 75 to 150to 3ooto 600to 1,21XIto 2,400to
deg 75 Cps150CPE~ Cps600Cps1,2CKICps2,400c-pak,eoo Cpa

4,800 to
10,OOOq

1 1 I 1 1 1 1 I
Stemdsrd(3-bkdepropeller,ejectorefhsustports)

108

112
ILO

T

& 85
no 85

z
90

106
E

lo8 i? E

o
210
240
270
300
330

94
97
106
104

E I103 101
lqi 105
108 x)4
106 mo
100 100
100 104 T103 g

105
104 100
98

100 $
102 *

75
75
&
86
8+
76

I
Psrtie,llymdlfied(>bls.depropeller,collectorringtwinexhaustports)

104$ 104 91
60 106
90 z

h? 98
135 L08 g7
225 107
240 log
270 I-1o

107
330 lo5

3-01
103
104
I-06
106

99
l-m
103
104
101

85z
92
85

82

Pertidly modifled(3-bladepropeller,collectorringsndtwinexhaustmufflers)

;m
SQ

135
225
240
270
m
330

96 87
96 g
96
98 96

103 102
98 97
59
102
mo
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96
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T84868588E91
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$
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7685
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8!3

8J
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86

78
77
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TABLEVI

AIRHANEDEZ!ECTIONDISTMCHRR llHEC!3UISECONDITIONM ~ BY

TE3FmT2Em clFoIEiEm32(m,AE, alkll?M)

Dietence Maximumdldanceofdetection,x,ft
Airplane A-- m.gma frm KUght
configuration*t:@ > locatlonObserver,heedfngObserverVII ObservarA8 obaerve2EM

y,n InitialmsrmlndLliitielTaminal&ftial9?~

Mdified 300 A o Ee5t

I

1

-4,730 +6,700-&m i6,200-5,720+8,160
-1,m weBt+y& $,:: A,!m -5,06Q &,&o -7,670
-2,W3 East -k,om +~,060-3,100+5,71(1
-3,000Wet +6:360-7,la +5,550 -5,870+4,S00 -7,670
4,000 Eeat-7,020+5,720-4,410+3,%3 -4,500+8,m
-5,0CQWest +7,l& -6,040+7,350-k,klo4,480 -5,720

B o met -6,860 ~~o ;~~ +6,2m -4,570X&ii

I

1,m wet +7,m -5,03+9,7&l
2,0CX3 E&t -8,9& +6;7CQ-1;630 +4,700 -2,gy2 +7:m
3,000west+7,350-5,7=+3,430-4,410+9,300-4,8&
b,m Best -3,1cxl+7,180-I,630 +5,060 ------ ----—

L,om 0 East ------ +&9& -j~~ +8,823-7,170+la,1.20
l,CW weBt +8, m -6, 6&I+10,780-7,PO
2,Oixl East -9,630+7,680-7:020+9,620

West
-9,EKM+ll,760

+7>340-9,6= +7,510 -8,003+8,4&J-8,650
?$%’ Eaet-5,-PO*,~ -5,m +7,83o-5,-PO+8,650
5,030 West —---- -~,l& +5,0@ --(,020+3,260-5,710

A West --—- ---—- +8,la -10,780-

1r , 1~ I
-------.--_-“w-t-9,300 +9,470 -8,L60 +5,870 -8,65a +9>470

-1,000 West +9,7m ------+6,@l
-I,m Eeet

-7,5~ +~,620 -9,780
-7,m +9*7W-9,140+5,550-8,9$3+7,180

-2,CCQ West,+u,7fm -8,000+9,300-9,7C!0+13,070-8,M0
-2,m Es.at-9,eOo +8,9& -9,X0 +9,V0 -U,920 +7,680
-3,cm weak +12,4m -8,1@ +7,aN -9,300- ------ -------
-3, m -t -8,33o +8,6X ----— -—-
-qcm

-8,820 +9,9X
weBt +4,5EU -14,340+7,170

-4,500Best
-5,m +5,220-3-0,460

-9,130+7,m ---------—— -8;980+m,6fm

(North)

Y

Flight
pathA I.——.—-—+——-,

)
—–--*– --———— /

(West)

k

x (lkat)

omen-=

(Scnlth)
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AIEFMWEIECECTIOHDISmlcisR3RTSE~c!omITION ASrWmmmED BY

TESSECONDSETOF0B3~ (JM,w, andG@

1
Distance MeximmdiBtsJKO of detection,x, ft

AlrpLme *ti~’ Observer fran Flight
:Onfig.lratIon ~t $ locatkm obsemer,he- ObserverJ’M ObserverWM ObeerverGK

y,ft Initial~ kitielTerminalInitLeJ.Terminel

umlOalfl&1,m B West

I 1

!

+15,200-lo,%o +13,603-15,050+15,740-U,loo
2,;00 Eaet -9,670 +25,2m J2,520+30,390-8,273+9, m*
5,(00West +16,m -13,no +15,ax -19,1S!3J+lk,1% -13,250
?,m E=t -13,0%J+29,gQo*-17,870+26,mo -14,483+11,q’w
13,CCKlEeat -4,4&I+18,77o-lk,31.O+20,~ -T,~+32,(K)O*
22,039West +&&l -gig +21.,go-15,220+%,200-13,370+
28,000East , -19,660+12,p ---------------

~o 0 East -7,-P3+=,7~ -la,~ +=,W* -7,700+32,200+$

1

5,CO0IieBt+13,Ogo-U2,m +15,200-17,m +22,yxl-sL,6y*
12,p Fast -7,140+13,420-IA,y30---------5,000+18,TTO
22,mo west -1,~ -5,740 0 0 -----.---------

Modified m A 0 East +,%70 +8,000

1

-4,8X!+7,340
o

-5,4&1+-8,@
west +9,783-8,Mi3+8,9E!0-8,169+3.2,w --f,840

-2,500 Eest -7,52KJ+I.2,41O-7,340+9,783-6,040+lo,~o
-5,030weBt +9?7~-9,7~+y ;$ -* 42 +6,m -1.0,620
-7,m met -8,66o+9,630 -7,670+8,160
-1o,m Iieet +5,7=-8,ti +6;5%-7,18) +7,34.0-8,98)
-K?,~ Eest &Lg +4,890-9,8X*,m -5?870+5>060
-15,Ooa West , -~,m -2,2&1-12,m +6,Op -7,52iJ

B o West -6,033 -6,2Io +8,U.%)-7,670 -8,9&) -8,650
met -4,0& +8,MO -3,920 +~,020 -:,;K Jqg

;$% East -2,6m +U.,260 -5,7~ +5>7=
7,w ~=t +5,720 -4,410 +2,~ -5,p +5;3m -7:lb

10,Wo Eest -978 +5,383 -1,960 +8,3P
u!,500 West o 0 0 0 +3,%cl -3,590

)f 15,CO0 Eeet o 0 0 0 -978+2,2&

1,m Wt -8,820+u,603 -8,660+12,570 -9,650+12,goo
2,0m West+17,4y -10,290y ~. ;l&7g +15,~ -7,8X
5,m Eeat -6,040+li?,~ -U,3%J+&m
7,500weet+15,3s-7,520+15:W-~J7&+12,z@-Xl,~

\‘ 10,OCQ East -2,9ko+6,370-2,610+4,240-5,0&3+16,800

A o East -6,030+11,100

Y t I

-7,340+K,klo---------------
0 We8t +8,983-13,O&l+~,450-lo,7m+9,*-lo,2$m

.-2,500Met -9,8?0+u,g20-9,m +n,920-11,~+X2,272
-5,003West +8,490-13,560&,370-lq$clo+12,0&-ll,tbo
-7,X3East -7,020+12,gcKJ-7,340+3-0,940-1.2,570+1.0,930
-1o,m WeOt +-g,w -------+8,98’3-7,340+Si,430-M3,610

*Afrcreftmadeturnfornextpeasbeforeobservercouldobtaintermine3distance.
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Figurel.-Modifiedairplane. L-57-2890.1
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